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Abstract 
The purpose of this study was to determine the role of working memory on episodic 
memory in older adults and adults with schizophrenia. This study included 15 adults with 
schizophrenia, 20 young adults without psychopathology, and 21 older adults without 
psychopathology. Storage working memory scores were greater than processing working 
memory scores in all groups. Young adults had the fewest problems with episodic and working 
memory, compared to older adults and adults with schizophrenia, who had similar deficits in 
both memory types. Speed of processing was found to be the greatest predictor of working 
memory capacity. 
Working Memory in Schizophrenia and Older Adults: 
A Mediator for Episodic Memory Deficits? 
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Since its inception, working memory has received widespread validation first as a system 
of memory, and more recently as a gateway to cognition (Baddeley, 1994 ). It has been 
implicated as more than a simple short-term memory store, and has been shown to be an active 
system that manipulates information for efficient storage and retrieval (Bryan, Luszcz, & 
Pointer, 1999). Research has implied that working memory arranges what we might think of as 
raw data from our environment into more meaningful and easier to store chunks of information 
that are not independent, but related to other pieces of stored data. Young adults seem to utilize 
this system most effectively, manipulating approximately seven chunks at a time, and show only 
little evidence that they are affected by competing stimuli. Older adults do not process chunks of 
information as efficiently. The strongest evidence points to speed of processing as the cause for 
this relative deficiency, although there are explanations that imply deteriorating components of 
working memory more directly (Fisk & Warr, 1996). Research has shown similar findings for 
disorders associated with the frontal lobes (Stuss, Craik, Sayer, Franci, & Alexander, 1996). 
Certain forms of dementia have shown marked decline of processing resources, as have patients 
with frontal lobe lesions, and schizophrenia (Morris & Baddeley, 1988). Because schizophrenia 
is not often thought of as a disorder of forgetting, but as a psychotic or thought disorder, this is 
perhaps the most interesting context to illustrate working memory function as an accessory to 
cognition. Thus, the purpose of this study was to determine the role and similarities of working 
memory on episodic memory in older adults and adults with schizophrenia. 
The working memory model is an attempt to integrate structural and process models of 
primary memory, by incorporating the idea of a control process labeled the central executive 
system, and structural slave systems known as the visuospatial sketch pad and the articulatory (or 
phonological) loop (Morris & Baddeley, 1988). Although the central executive system is the 
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least understood part of working memory, it is generally accepted that it plays a key role in 
attention, and is therefore dependent on the frontal lobes for its function (Bryan, et al., 1999). It 
is the central executive that is thought to be responsible for such processes as employing 
mnemonic strategies, but studies cited by Baddeley (1994) have stated that the central executive 
may be fractioned to perform other sub-processes. If this implication is true, it may in part, be an 
explanation of the wide variability of individual differences found in aging populations, and in 
schizophrenic patients. The phonological loop is also thought to include two sub-components. 
The first is a speech-based store that fades after only several seconds, and is paired with a 
process similar to sub-vocal rehearsal that maintains the auditory material in a recycling process 
(Baddeley, 1986). Because this study will measure only the central executive and phonological 
loop components of working memory, further discussion of the visuospatial component will not 
be included . 
Perhaps the most useful example of verbal working memory is remembering a telephone 
number. People tend to chunk telephone numbers into 3 parts, for easier encoding and recall. 
First is the area code, often a part of semantic memory, next is the three-digit exchange, which is 
often familiar to us, and is easily chunked into one piece of information, thereby reducing the 
load on working memory. This chunking is an excellent example of mnemonics used in working 
memory. In remembering the final four digits of a telephone number, we often move between 
straight rehearsal of the numbers, chunking, or other mnemonics to successfully recall the 
telephone number for use. 
Documentation of working memory decline in old age is highly consistent (Verhaeghen 
& Salthouse, 1997). While explanations have varied, failing working memory seems best 
explained by the cognitive resource hypothesis that, in short, suggests speed of processing 
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accounts for large portion of working memory decline in aging (Byrne, 1998). Similar deficits 
of processing speed have been found in working memory of schizophrenic patients (Schatz, 
1998). The purpose of this study was to determine whether there are similarities in verbal 
working memory deficits of young schizophrenic patients and older people without 
psychopathology, when compared to the verbal working memory abilities of young adults 
without psychopathology, who are considered the standard for efficient and optimal working 
memory, and how these deficits and abilities are related to free recall performance, as 
represented by a word-list task. 
There are two primary models that have been presented to account for verbal working 
memory decline in older age. The first involves a decrease in efficiency of attentional control in 
the central executive system. It has been suggested that this part of working memory is 
associated with attention, and becomes less efficient in older age (Morris & Baddeley, 1988). 
When older adults are not distracted however, there are only mild impairments, suggesting they 
have difficulty coordinating multiple tasks. This is thought to be a result of impairment in the 
working memory's central executive system, which cannot coordinate efforts to complete a 
distractor task and maintain the information to being stored in the articulatory loop concurrently. 
The second model suggests that working memory decline in aging is a result of slower speed of 
processing. That is, neither the load supported by the phonological loop, nor the rate of decay of 
information stored in working memory varies greatly across ages, rather it appears that older 
adults take longer to activate and integrate information, which allows more time for decay to take 
place (Byrne, 1998). 
A study by Fisk and Warr (1986) attempted to resolve two competing theories of working 
memory which state that working memory decline is explained by processing speed (Salthouse, 
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1985), or by decline in central executive function (Baddeley, 1986). Specifically, these authors 
sought to determine whether working memory decline was a result of general slowing of 
perceptual and processing speed, or if there are age differences in the phonological loop and 
central executive. To answer this question, young and older adults were tested on perceptual 
speed (as measured by letter and pattern comparison tests), working memory span (as measured 
by reading and computation span), central executive functioning (as measured by a random letter 
generation task), and phonological loop functioning (as measured by the word span task). The 
effect of age on working memory span was found to be a function of perceptual speed: it became 
non-significant when perceptual speed was controlled for. In contrast, the effect of age on 
working memory was not found to be a function of the central executive task nor the 
phonological loop tasks but was found to be dependent upon differences in perceptual speed. 
These findings are highly consistent with studies analyzed in a meta-analysis conducted by 
Verhaeghen and Salthouse (1997), who found large age differences on measures of speed. Based 
on these findings, it does not seem that older people lose their ability to coordinate responses, or 
become ineffective in selecting strategies; rather, this decline of working memory function is a 
result of cognitive slowdown. The authors as well as others have suggested that random letter 
generation may not be a valid test of the central executive and the results of this task are difficult 
to interpret (Baddeley, 1994; Fisk & Warr, 1996). This may be an explanation for a lack of 
significant findings regarding the central executive in this study, although there is overwhelming 
evidence supporting the speed hypothesis (Salthouse, 1985; Byrne, 1998). 
Understanding that working memory is in part, a process whereby strategies are utilized 
and information is organized for easier retrieval, we might expect a strong relationship between 
working memory and word-list recall, a measure of episodic memory. Unfortunately, research 
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that investigates this question appears sparse in aging research. There are reliable studies 
however, which have shown that episodic memory declines with age (Hultsch, Hertzog, & 
Dixon, 1990; Verhaeghen and Salthouse 1997). Although only few studies address the 
relationship between working memory and list recall (Salthouse, 1996), other studies that show a 
relationship with text recall, another measure of episodic memory (Hultsch, et al., 1990; Light & 
Anderson, 1985). These studies have shown that speed and working memory for sentences and 
words are predictive of differences in text recall. It is suggested that these results were found 
because of the underlying importance of speed and verbal working memory to such abilities as 
vocabulary and verbal fluency (Salthouse, 1996). This was consistent with the finding by 
Hultsch and his colleagues (1990) that vocabulary accounts for as much as 7% to 9% of 
variability in text and word memory. 
While working memory deficits are relatively subtle in older adults, in the form of mild 
speed of processing deficits, evidence of working memory deficits in frontal lobe-lesioned and 
schizophrenia patients is far more striking. Perseveration, distractibility, rigidity, and inability to 
regulate behavior that is appropriate for context are central symptoms of both frontal lobe 
damage and schizophrenia (Park & O'Driscoll, 1996). These characteristics have been explained 
as problems of the central executive component of working memory. Based on findings that 
show similar working memory deficits between patients with frontal lobe lesions and 
schizophrenics, it has been suggested that the disruption of working memory is the central 
feature of schizophrenia as a thought disorder (Goldman-Rakic, 1994). This study implicated the 
principal sulcal cortex as being a source of modal working memory for delayed spatial recall. 
Dorsolateral prefrontal areas are activated during delay periods, suggesting that a working 
memory system is activated during maintenance and manipulation of information in this area. In 
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short, although prefrontal areas are widely used in working memory function, they are highly 
modality-specific, and generally are deleteriously affected by schizophrenia. This may 
contribute to schizophrenics' inability to inhibit competing stimuli and previous responses, 
resulting in a large number of perseverative errors in a delayed response task. 
In a meta-analysis of cognitive deficits in schizophrenic patients, Schatz ( 1998) attempted 
to identify whether specific cognitive domains or general processing slowness accounts for the 
nature of the disorder. This question is related to research on aging which finds that cognitive 
slowness accounts for 89 to 98% of variability in performance across tasks (Verhaeghen & 
Salthouse, 1997). Schatz found that the relatively slower response times in schizophrenics 
compared with the non-psychiatric control group were related to lower levels of education, 
higher Brief Psychiatric Rating Scale (BPRS) scores, a lower percent of paranoid-type 
individuals, and a higher percent of individuals on anti psychotic medications. Schatz concluded 
that generalized slowing appears to be a significant aspect of information processing in 
schizophrenia, accounting for 87% of the variance across studies. This is consistent with 
findings that schizophrenic patients have been shown to be unable to dedicate the same amount 
of resources during the working memory task as normal participants of similar ages because their 
central executive was less involved in performance of memory tasks (Granholm, Morris, Sarkin, 
Asamow & Jeste, 1997). This is likely because of the nature of schizophrenia as a frontal lobe 
disorder. There has been no evidence to suggest that there is a specific cognitive task that is 
disproportionately slowed. Another meta-analysis was conducted on seventy studies of 
schizophrenics that reported measures oflong term memory, including free-recall, and 
recognition recall, and working memory, measured by digit span (Aleman, Hijman, de Haan & 
Kahn, 1999). It determined that recognition memory was only mildly affected by the disorder 
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while other memory systems were more deleteriously affected. There was a large impairment 
found in verbal free recall memory tasks. Working memory tasks, in the form of digit span 
forward and backward, revealed significant impairment, but to a lesser degree than free recall. 
Age or medication did not effect memory impairment in this study. 
Research investigating the relationship of working memory with word list recall in 
schizophrenics appears sparse, and only few have investigated word recall as a measure of 
episodic memory in this population. In a study including 20 young normal adults, 20 middle 
aged adults, 20 chronic and 20 acute schizophrenics, conducted using Chinese characters, 
schizophrenics showed lower recall ability on a word list task (Chan, Kwok, Chiu, Lam, Pang & 
Chow, 2000). Because schizophrenics were able to improve their retrieval scores when given 
mnemonics, it was determined that deficits are attributed also to an encoding, rather than entirely 
to a retrieval deficit (Chan, et al., 2000). Although working memory was not discussed in this 
article, encoding deficits may be indicative of working memory problems, because mnemonics 
may not have been used effectively. 
Because there have been similarities in findings in working memory deficits between 
older adults without psychopathology and adults with schizophrenia, we might suspect there are 
also similarities in performance on episodic memory tasks. Young schizophrenic patients have 
not been compared to older normal adults and younger normals in a single study. Lutz and 
Marsh (1981) found that in a word list recall task, participants without psychopathology recalled 
more words than on a list recall task did the schizophrenia group. Although the central executive 
system is implicated in their discussion in the suggestion that the schizophrenics were not able to 
use strategies as well as the normal participants, there was no mention of working memory 
deficit as a possible cause of word list recall failures. Unfortunately, there have been no studies 
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linking the performance of schizophrenic patients on working memory tasks with their 
performance on free recall word list tasks. 
Based on the literature reviewed, three hypotheses were generated and tested. In general, 
it was expected that older adults and schizophrenic adults would have poorer working memory 
and episodic memory abilities than younger adults. 
Hypothesis 1: Storage working memory capacity will not differ between groups; however 
processing working memory capacity will be greatest in young adults, and lower in but not 
different between old and schizophrenic groups. 
groups. 
Hypothesis 2: Working memory will mediate differences on word recall across groups. 
Hypothesis 3: Speed of processing will mediate differences in working memory across 
Method 
Subjects 
The experiment included three groups: young adults with schizophrenia (n=l 5), older 
adults (n=21 ), and young adults without psychopathology (n=20). The schizophrenic 
participants included in the study were community dwelling, and recruited from a local 
outpatient mental health center, and diagnosis was confirmed through this organization. 
Schizophrenic participants were stabilized on psychotropic medications, and were 20 to 35 years 
of age ( 10 males, 5 females). Mental retardation was an exclusionary criterion for this group. 
These participants were tested at their mental health center and satellite clubhouse locations. The 
older adults were aged 68 to 82 (4 males, 17 females), and were recruited from the community 
through organizations; three were recruited from an adult day care center, seven were recruited 
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from a recreational senior center, and eleven were recruited from retirement homes. Participants 
in this group had to meet selection criteria of no psychopathology, no dementia disorders, and no 
seizure disorders for inclusion in this study. This group was tested in offices of their buildings of 
residence. Participants in this group ranged from 18 to 30 years ( 13 males, 7 females). Healthy 
young adults served as the control group, and were recruited local colleges and universities, retail 
centers, and restaurants using recruitment fliers. This group was tested in the memory research 
labs at University of Richmond. A chi-square test of association or independence was performed 
to determine that race was significantly different between groups, X2(8, N=54)=29.55, p<.001. I 
intended to match age, socioeconomic status, and race, but this goal was not achieved because of 
discrepancies in the available population of schizophrenic participants, and older and younger 
adults who responded to public recruitment. There were more African Americans in the 
schizophrenia group than either the young adult or older adults, who had more people of 
European decent. See Table I for descriptive data by group, and Table 2 for ethnicity data by 
group. 
Measures and procedure 
Data were collected from all groups concurrently to avoid experimenter and time of 
testing biases. The measures were administered in four different orders to avoid an order bias 
(See Table 3 for condition orders). A vocabulary measure designed by Educational Testing 
Service (Ekstrom, French, Harman & Derman, 1976) was administered to ensure that 
participants' vocabulary was not a contributing factor to variability on the word recall task (see 
Appendix A for examples). This is a 36-item multiple-choice test that includes words of varying 
degrees of difficulty. Participants had four minutes to complete each of two pages. A total 
score of 36 points was possible. The Digit Symbol subtest from the Wechsler Adult Intelligence 
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Scale-Revised battery (WAIS-R; Wechsler, 1981) was administered in order to determine the 
role of speed of processing in memory recall variability between the groups (see Appendix B for 
example). In this task, there are nine symbols, each representing a number, 1 through 9, 
respectively. Participants are required to write the corresponding symbols below each presented 
digit as fast and as accurately as possible, and in the order presented. The participants were 
allowed to complete seven practice items before beginning the scored task. Participants were 
given 90 seconds to complete this task; scores could range from 0 to 93 correct. 
Digit span forward from the WAIS-R (Wechsler, 1981) was administered (see Appendix 
C) as a measure of storage working memory capacity (SWM). This task was administered as 
instructed by the W AIS-R manual. Numbers were read aloud at a rate of one per second, and 
participants were asked to recall the digits in order immediately after the experimenter read the 
list of digits for that set. The first and lowest task level was 3 digits, and the highest task level 
possible was 9 digits. There were two trials at each level. The participants were allowed to 
continue to the next level only if they were able to pass one of the two trials of a given level by 
repeating the digits read in order. The participants received 2 points for passing two trials of a 
level, 1 point for passing one trial, and zero points for not passing any trials, at which point the 
task was considered complete. 
Digit span backward from the WAIS-R (Wechsler, 1981) was administered (see 
Appendix C) as a measure of processing working memory (PWM). This task was also 
administered as instructed by the WAIS-R manual. Numbers were read aloud at a rate of one per 
second, and participants were asked to recall the digits in reverse order immediately after the 
experimenter read the list of digits for that set. The first level was 2 digits, and increased to 8 
digits. There were two trials for each level. The participants were allowed to continue to the 
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next level only if they were able to pass one of the two trials of a given level by repeating the 
digits read in reverse order. The participants received 2 points for passing 2 trials of a level, I 
point for passing I trial, and zero points for not passing any trials, at which point the task was 
considered complete. A total score of 14 was possible for forward and backward digit-spans. 
Backward digits span was always administered following digit-span forward. 
Verbal working memory was measured with a word-span task, modeled after that of 
Light and Anderson (1985). The words for this task were selected from a standardized list of 
words that occur most frequently in the English language (Thorndike & Lorge, 1944 ). This is a 
measure intended to evaluate working memory capacity as it is related to the episodic memory 
capacity for verbal information. Forward word span, a measure of storage working memory 
capacity (SWM), was presented to participants verbally at the rate of one per second. All words 
were one to three syllables long, and the length of the lists varied from two to seven words in 
length (see Appendix D for examples). Instructions for the forward digit span task of the WAIS-
R were applied to this task. For each level (2 through 7 words), there were two sets of words. 
The participants were required to repeat the words in order immediately after the experimenter 
read the list. This procedure was repeated until the participant was not able to recall at least one 
of the two sets of words at a given length. The level at which the respondent is last able to 
correctly recall one set of words within that level was considered his or her word span. 
As a measure of processing working memory (PWM), backward word-span was 
administered. Again, the word span was presented to participants verbally at the rate of one per 
second. All words were one to three syllables long, and the length of the lists varied from two to 
seven words in length (see Appendix D for examples). Instructions for the backward digit span 
task of the WAIS-R were applied to this task. For each level (2 through 7 words), there were 
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two sets of words. The participants were required to repeat the words backward, in order 
immediately after the experimenter read the list. This procedure was repeated until the 
participants were not able to recall 1 of the 2 sets of words at a given length. The last level at 
which the respondent was able to correctly recall the word list in reverse order was considered 
their backward word span. The total score of 12 was possible for forward and backward word-
spans. Backward word-span was always administered after forward word-span. 
The next measure was a word list recall task. A set of 40 familiar and unambiguous 
nouns and verbs, ranging in length from four to eight letters was presented on four stacks of 10 
cards (Thorndike & Lorge, 1944; see Appendix E for examples). The participants were allowed 
up to 10 minutes to study the words, move the cards, and employ mnemonics to remember as 
many words as possible. They were allowed to study as many or as few of the words that they 
wanted. The number of words studied and the amount of study time used was recorded. When 
the participants were finished studying, or when 10 minutes had elapsed, the cards were covered, 
and the participants were asked to recall in writing as many words as they could remember. No 
time limit was set for retrieval, and the experimenter was instructed to probe for more responses 
when the respondent appeared to be finished. A total of 40 points was possible on this test. 
Following the primary measures, several follow-up questions were asked to explore the 
participants' daily memory problems and experiences they had during the testing session (see 
Appendix F). These questions related to the participants' feelings regarding their memory, 
thoughts that may have distracted them during testing, and schizophrenics' symptoms 
experienced during testing. 
In order to control for memory deficiencies that might be a result of alcohol or drug use, a 
drug and alcohol questionnaire was administered (see Appendix G). Questions were taken from 
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the Addiction Severity Index (ASI; McLellan, Luborsky, O'Brien & Woody, 1980). Participants 
were asked to report how many days out of the last 30 days they used certain drugs, how many 
times in their life they experienced delirium tremens, how many times they had been treated for 
alcohol or drug use, their subjective rating of how they felt about their alcohol or drug problems 
(if any), and how many times they had been taken into police custody for alcohol or drug-related 
offenses. Before the questionnaire was administered, all participants were reminded that their 
responses were confidential. 
The final questionnaire asked about demographic characteristics and employment of the 
participant (see Appendix H). Participants were instructed only to answer questions with which 
they were comfortable, but were encouraged to complete the entire questionnaire. Questions 
included asked about participants' date of birth, sex, educational level, income level, 
employment status, and ethnic background. Immediately after this questionnaire was completed, 
participants were debriefed and paid ten dollars for participation. All respondents were tested 
individually. 
Results 
Hypothesis I 
Hypothesis I stated that storage working memory (SWM) would not differ between 
groups, and that processing working memory (PWM) capacity would be greater in young adults, 
compared to the old and schizophrenic adults, who would not differ from each other. SWM was 
the average of digit span forward and word span forward. PWM was the average of digit span 
backward and word span backward. Hypothesis I was not fully supported. It was predicted that 
group differences would appear on processing working memory, but not on storage working 
memory, which would be indicated by a significant Group by Working Memory Type (WMT) 
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interaction effect. A 3 (Groups) x 2 (WMT) mixed ANOVA yielded a non-significant Group x 
WMT effect, F(2, 53)=.173, p=.841. The main effect for WMT was significant, F(l, 53)=87.92, 
p<.001; storage working memory was greater than processing working memory (see Figure 1). 
The main effect for Groups was also significant, F(2, 53)=11.40, p<.001. Shem~ post hoc 
analyses showed that storage working memory scores for healthy young adults were higher than 
those of both older adults and adults with schizophrenia, who did not differ from each other (see 
Figure 2). There were also group differences on processing working memory F(2, 53)=8.05, 
p<.01. Sheffi~ post hoc analyses showed that young adults performed better than older adults and 
performed comparably to each other adults with schizophrenia, and older adults and adults with 
schizophrenia (see Figure 1). 
Hypothesis 2 
Hypothesis 2 stated that working memory would mediate differences on word recall 
across groups. A reliability analysis found that measures of working memory, digit span 
forward, digit span backward, word span forward, and word span backward were highly related, 
a=.83. Therefore, working memory was defined as the average of those variables. A path 
analysis approach using Analysis of Covariance (ANCOV A) was taken to test this hypothesis. 
The results showed that Hypothesis 2 was not supported because working memory did not fully 
mediate group differences for word recall. 
Before testing for the mediating effect of working memory on word recall, a univariate 
ANOV A was used to test the effects of group on word recall. The main effect of group was 
significant, F(2, 53)=20.81, p<.001. Sheffe post hoc analyses with p:S.05 showed that young 
adults performed better on the word recall task than older adult or adults with schizophrenia 
group, who were similar to each other (see Figure 3). An Analysis of Covariance (ANCOV A) 
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was then performed to adjust for the group differences in working memory ability thereby testing 
its status as a mediator. If the significant Group memory recall effect of the univariate ANO VA 
becomes non-significant at the level of ANCOV A when adjusting for working memory 
differences, then there is a mediation effect. The main effect for groups remained significant, 
F(2,52)=10.70, p<.001. Using a Scheffe post hoc analysis, the same pattern was found: young 
adults performed better on the word recall task than older adult or adults with schizophrenia 
group, while older adults and schizophrenic adults did not perform differently (see adjusted 
means in Figure 3). 
Hypothesis 3 
Hypothesis 3 stated that speed of processing would mediate differences in working 
memory across groups. A path analysis approach using ANCOVA was taken to test this 
hypothesis. Hypothesis 3 was supported. Total working memory was defined as the average of 
digit span forward, digit span backward, word span forward, and word span backward 
(Chronbach's alpha=.83). A univariate ANOV A showed that total working memory capacity 
differed among groups, F(2, 53)=11.41, p<.O I. A Sheffe post hoc analysis revealed total 
working memory capacity was greatest in the healthy young adult group, while the older adults 
and schizophrenic adults showed no difference (see Figure 4). A univariate ANOVA showed 
speed of processing varied by group, F(2, 53)=46.82, p<.O I. Sheffe post hoc analyses showed 
that healthy young adults were faster than the schizophrenic or older adult groups, while the 
schizophrenic group was faster than the older adults (see Figure 5). An ANCOV A showed no 
significant differences between groups in working memory after adjusting for the significant 
group differences on speed of processing, F(2,52)=3.09, p=.054 (see Figure 4 for adjusted 
means). 
Working Memory 19 
Additional analyses were performed to explore further questions about memory 
functioning in these groups. The Memory Questionnaire was analyzed for group differences on 
subjective perspectives of their memory abilities. A one -way MA NOV A showed significant 
differences in group responses to the Memory Questionnaire, F(l 8, 92)=1.96, p<.05. Univariate 
analyses revealed group differences on five out of nine questions. For Memory Question 1, 
univariate F(2,53)=5.41, p<.01, Sheffi~ post hoc analyses showed that schizophrenics forget 
things like plans and appointments more frequently than older and younger adults, who forget 
these types of events with similar prevalence (see Table 4). For Memory Question 2, univariate 
F(2,53)=3.60, p<.05, Sheffe post hoc analyses showed that older adults reported forgetting where 
they put things like a wallet or keys less frequently than schizophrenics, however young adults 
reported that they forget where they place these objects with similar frequency as both 
schizophrenic and older adults (see Table 4). For Memory Question 3A, univariate 
F(2,53)=4.98, p=.01, Sheffe post hoc analyses showed that older adults have problems with 
thinking too fast, or having their thoughts race less frequently than schizophrenics, however 
young adults report that their thoughts race with similar frequency as both schizophrenic and 
older adults (see Table 4). Univariate analyses also revealed differences for Memory Question 
9A, univariate F(2,53)=4.28, p<.05; Sheffe post hoc analyses showed that young people have 
fewer complaints of thinking too slowly than schizophrenics, while older and younger adults and 
older adults and adults with schizophrenia complain of similar rates of thinking too slowly (see 
Table 4). Univariate analyses revealed differences for Memory Question 1 lA, univariate 
F(2,53)=6.33, p<.01; Sheffe post hoc analyses showed that adults with schizophrenia are more 
distracted by things they see or hear that other people do not think are there than either older or 
younger healthy adults, who report similar frequencies of this problem (see Table 4). 
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A one way ANOV A revealed differences in drug and alcohol use over the 30 days prior 
to testing, F(2, 53)=3.86, p<.05 (see Figure 6). Sheffe post hoc analyses showed that over the 
past 30 days young adults used drugs and alcohol more frequently than older adults, but a similar 
number ohimes as adults with schizophrenia. Schizophrenics' and younger adults' drug and 
alcohol use did not differ significantly. When drug and alcohol use was covaried from group 
differences on word recall, differences changed from F(2,53)=20.81, p<.001, to F(2,53)=24.63, 
p<.001. Therefore, alcohol and drug use did not mediate group differences on word recall. 
A one-way ANO VA revealed group differences in use of medications, F(2, 53)=9.73, 
p<.001. Sheffe post hoc analyses showed that healthy young adults used fewer medications than 
either adults with schizophrenia or healthy older adults, who used a similar amount. When 
number of medications prescribed was covaried from group differences in word recall, 
differences changed from F(2,53)=20.81, p<.001, to F(2,53)=19.77, p<.001. Therefore, the 
number of medications prescribed did not mediate group differences on word recall. 
A one way ANO VA revealed differences in knowledge of vocabulary, F(2, 53)=17.24, 
p<.001. Sheffo post hoc analysis showed that young (M=l 9.75, SD=6.86) and older (M=21.54, 
SD=6.45) healthy adults have similar knowledge of word meanings, while schizophrenic adults 
(M=8.55, SD=7.43) had a poorer knowledge than either of the other groups. When vocabulary 
was covaried from group differences in word recall, differences changed from F(2,53 )=20.81, 
p<.001, to F(2,53)=25.03, p<.001. Therefore, vocabulary did not mediate group differences on 
word recall. 
Discussion 
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The purpose of this study was to investigate the similarities in memory deficits between 
older adults and adults with schizophrenia. While the hypotheses were not entirely supported, 
the aim of the study was met. Overall, older adults seemed to have similar deficits to adults with 
schizophrenia accounting for their poorer performance on working memory and word recall 
tasks. Group differences in speed of processing, however, suggest that other problems may 
interfere with working memory and word recall among the adults with schizophrenia. 
Although Hypothesis 1 was not entirely supported, because no interaction was found 
between group and working memory type, the main effects were as expected. As predicted, 
storage working memory was greatest in young adults, and lower and comparable among healthy 
older adults and adults with schizophrenia. Therefore, unlike much of the literature, that finds 
few differences in storage working memory between young adults and older adults or healthy 
young adults and schizophrenic adults, this study provides evidence to suggest that storage 
working memory, or the phonological loop is effected by schizophrenia and aging. This is 
consistent with Morris and Baddeley's (1988) findings that although there was some deficit in 
the phonological loop, but when the central executive system was used to manipulate 
information, greater differences between schizophrenics and healthy adults was found, and with 
Salthouse (1996), who found similar results between healthy young and old adults. Future 
experiments should employ neuro-imaging to determine if the same areas of the brain are 
affected during working memory tasks, creating disturbances that affect this component of the 
working memory. Further, the underlying cause of this problem is difficult to determine. 
Problems with attention during the presentation of the stimuli could deleteriously affect working 
memory performance. During testing, testers informally noted that many of the schizophrenic 
participants seemed to have difficulty focusing on the tasks; internal stimuli could be to blame. 
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Some even attributed their problems with memory to their mental illness, stating, "I sometimes 
think that I have short term memory problems in the sense that I do not remember things fast 
enough," which seems to allude to problems with working memory. Similarly, older adults seem 
to be aware of their problems with working memory. One older adult stated, "Sometimes in 
mid-sentence I will go totally blank. Also if I know that I need to remember to talk to someone 
about a couple of things, sometimes I'll give them key words to remember so when I finish 
telling or asking them one thing, they can tell me the other keywords so I can remember. 
Sometimes that works and sometimes it doesn't." This statement is an example of a woman who 
had developed a surprisingly effective strategy to help her account for working memory 
problems, but seemed to be concerned that it does not always work. These problems arc often 
troubling to these people, who seem to be aware of younger, and healthy people who arc better 
able to remember things than they once were. 
Hypothesis 2 was also not supported in that working memory did not account for all of 
the variability in the word recall task. The degree to which the F-value of group differences in 
episodic memory dropped when co-varied by working memory was covaried, suggests that 
differences in working memory account for some, but not all of the variance between groups on 
word list recall. Other possible sources of variability including the number of medications 
prescribed to the participants, frequency alcohol and drugs were used in the previous 30 days, 
and their knowledge of word meanings were tested, but no mediating effects of these variables 
were found. While other sources of variability might be important to investigate, these findings 
were consistent with literature that has shown working memory to be an important predictor of 
episodic memory. In subjective comments, one older adult acknowledged the problems that she 
had with short term memory, and how it relates to her episodic memory problems: "My short 
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term memory is usually extremely bad. I have to write everything down to remember what I 
need to do at work all of the time." 
Another possible source of variability in the word-recall task was the use of mnemonics. 
While there was no questionnaire regarding the use of strategies in this study, interviewers took 
notice of the way in which word tiles were arranged. Although not quantified or analyzed, there 
is reason to suspect, because of the depth of processing models of memory, that more complex 
models, in which many associations between words are made are the more effective strategies, 
and therefore are likely to be associated with greater performance in this task. Future studies 
should examine this connection more closely. 
Hypothesis 3 was supported, as speed of processing fully accounted for group differences 
in working memory. This finding contributes to a growing and highly consistent body of data 
that speed of processing is the most important predictor of working memory (Vcrhaeghen & 
Salthouse, 1997). Further it is consistent with findings that cognitive resources arc compromised 
by aging (Byrne, 1998) and by schizophrenia (Schatz, 1998). Given that healthy older adults and 
younger adults with schizophrenia comparable levels of processing speed, this continues to 
suggest that similar areas of the frontal lobe are affected with both age and aspects of 
schizophrenia. This study succeeded in its purpose of determining that there are similarities in 
working memory between older adults and adults with schizophrenia, in that speed of processing 
accounts for deficits in both groups. This is important in explaining such problems as 
manipulating information, such as in tasks where word or digit order is repeated in reverse order. 
While it is clear that there are important differences between groups in this study, 
variability between them was not entirely accounted for. Subjective questions were used to help 
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explain some of the differences that were not explainable by other measures (e.g., speed of 
processing), and to point the direction for future research. 
Schizophrenics found thinking too fast to be more of a problem than older adults. While 
this statement is somewhat nondescript, problems of internal stimulation or with extraneous 
thoughts may have interfered with concentration on the tasks that they were presented, compared 
with younger or older healthy adults, who had similar and lower levels of this complaint. Oddly, 
the schizophrenia group also complained most about problems with thinking too slowly. While 
this could be a problem with speed of processing, it is possible that medications that cause 
lethargy were more prevalent among this group, or a complaint associated with other aspects of 
the disorder. 
Unexpectedly, both older and younger adults reported fewer problems with real life 
episodic memory tasks than the schizophrenic group. Despite memory deficits and memory 
complaints in other areas, older adults may have developed strategies about remembering where 
they put things, and when and where to meet people. 
A question intended to evaluate the effect of auditory and visual hallucinations on 
memory was possibly misunderstood by many of the participants, causing unexpected 
variability. As expected however, schizophrenic adults, reported this problem more than either 
the young or older healthy groups. This question may have been interpreted as external 
distractions, rather than hallucinations, however, it is important because it takes into 
consideration the importance of attention in memory. This issue should be addressed in future 
studies. 
Limitations 
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Although an attempt was made to match participants on for demographic characteristics, 
this goal was not met. Because the healthy young adult group was significantly younger than the 
schizophrenic group, it is possible that their age, rather than memory problems related to their 
mental illness. Given little evidence of a memory decline during young adulthood, along with 
literature showing memory problems with this form of mental illness however, it is likely that 
their mental illness is responsible for a large part of the memory deficits exhibited by participants 
in this group. 
Although differences were found between groups on working memory and word list 
recall, this study did not sufficiently address the underlying causes of these differences. In future 
studies, devices such as distractor tasks to evaluate attention control would be especially 
informative. Further, although the interviewers took notes regarding observed mnemonics 
during the study time of the word list task, conversations revealed that these notes had no 
relevance to actual strategies used. In the future, a formal questionnaire about mnemonics 
should be implemented to determine the role and effectiveness of strategy use of different groups 
of people. 
Although the interviews were conducted in quiet environments, there is some 
concern that internal stimulation, particularly among the older adult and schizophrenic groups, 
presented a problem during testing. While this is not specifically a memory issue, the ability to 
stay on task and concentrate on stimuli that is presented 'is a key issue related to memory. One 
older adult mentioned her problem with concentration specifically, stating, "I easily can get 
distracted if someone talks to me or if I remember that I needed to do something else." Although 
post-test questions addressed issues related to internal stimulation, participants may not have 
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thought of these questions as being relevant to problems on specific items of testing. Therefore, 
similar questions should be presented as being specific to each task. 
Because of the effect that depression has on memory, and its prevalence in older adults 
(McBride & Abeles, 2000) and in adults with schizophrenia (Brebion, Gorman, Malaspina, 
Sharif & Amador, 200 I), it is possible that depression played a role in this study. McBride and 
Ables (2000) found that motivational symptoms of depression accounted for deficits in memory 
and attention. Similarly, Brebion and colleagues found that verbal memory deficits in people 
with schizophrenia was due to the slowing of cognitive speed by depression associated with their 
schizophrenia, rather than the schizophrenia itself. Because there was not a depression scale 
included in this study, it is impossible to determine the role it had on the results of this study. 
These findings however, do not undermine the role of speed of cognitive processing, rather they 
suggest that depression further depletes cognitive resources among these individuals. Therefore 
in the future, similar studies should examine the role that depression plays on memory in each of 
these groups. 
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Table 1 
Means and Standard Deviations (in parentheses) of Demographic Variables by Group 
Younger Older Schizophrenic Scheffc* 
(n=20) (n=21) (n=l 5) 
Age 23.15 76.86 30.40 Y <O, Y <S, S<O 
(3.44) (4.21) (4.90) 
Education 14.50 12.71 12.71 Y=O, Y=S, S=O 
(2.86) (2.87) (2.92) 
Vocabulary 19.75 21.54 8.55 Y=O, Y>S, S<O 
(6.86) (6.45) (7.43) 
Medications 0.85 3.48 3.00 Y<O, Y<S, S=O 
(1.50) (2.09) (2.42) 
*p<.05 
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Table 2 
Ethnicity Percentages and Frequencies bv Group and Overall 
Ethnic Group US population** Young Old Schizophrenic Total 
White % 75.10 65.00 85.71 6.67 59.26 
freq 13 18 32 
Black % 12.30 20.00 14.29 80.00 33.93 
freq 4 3 12 19 
Asian % 3.60 0.00 0.00 6.67 1.79 
freq 0 0 
Hispanic*% 12.5 5.00 0.00 0.00 1.79 
freq 0 0 
Other % 6.5 5.00 0.00 0.00 1.79 
freq 0 0 
Refused% 5.00 0.00 6.67 3.57 
fre 0 2 
*Hispanic group may also be inclusive of other ethnic groups. 
**percentages obtained from the U.S. Census Bureau: 
http://factfinder.census.gov/servlet/QTTable? _ts=413571l086 
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Table 3 
Four Orders for Administration of Measures 
Condition 1 Condition 2 Condition 3 Condition 4 
MSEQ*/Word recall MSEQ/Word Recall Digit Span Word Span 
Digit Span Word Span Word Span Digit Span 
Word Span Digit Span MSEQ/Word recall MSEQ/Word recall 
Digit Symbol Digit Symbol Digit Symbol Digit Symbol 
Vocabulary Vocabulary Vocabulary Vocabulary 
Memory Questions Memory Questions Memory Questions Memory Questions 
Alcohol & Drug Questions A&D Questions A&D Questions A&D Questions 
Demographics Demographics Demographics Demographics 
*Memory Self Efficacy Questionnaire 
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Table 4 
Means and Standard Deviations of Subjective Memory Questions 
Question Young Old Schizophrenic Shcffc 
#1 Plans and 2.35 2.48 3.67 O=Y, O<S, Y<S 
appointments 1.42 0.98 1.40 
#2 Object placement 3.25 3.00 4.13 O=Y, Y=S, O<S 
(keys, wallets) 1.52 0.84 1.46 
#3A Racing thoughts 3.80 3.10 4.47 O=Y, O<S, Y=S 
1.40 1.18 1.30 
#9A Thinking too 2.45 2.90 3.60 O=Y, O=S, Y<S 
slowly 1.00 0.94 1.55 
#I IA See and hear 1.55 I. 71 2.80 O=Y,O<S, Y<S 
0.89 1.06 1.37 
Figure 1. 
Figure 2. 
Figure 3. 
groups. 
Figure 4. 
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Figure Caption 
Mean storage and processing working memory scores as a function of group. 
Overall means of processing and storage working memory. 
Mean words recalled and mean words recalled, adjusted by working memory, by 
Mean working memory and mean working memory adjusted by speed of 
processing, by group. 
Figure 5. Mean Digit Symbol scores, by group. 
Figure 6. 
by group. 
Figure 7. 
Mean number of days drugs or alcohol (to the point of drunkenness) were used, 
Mean number of medications used, by group. 
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Appendix A 
Handicraft 1 -cunning 
2 -fast boat 
3 -utility 
4 -manual skill 
5 -guild 
Salaam 1 -salivation 
2 -salmon 
3 -salutation 
4 -ransom 
5 -brigand 
Dreg -pulled 
2 -worthless leftover 
3 -wooden pin 
4 -wheel spoke 
5 -liquid 
Edifice -small insect 
2 -heir 
3 -front 
4 -large building 
5 -learning 
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Appendix C 
Digit Span Backward 
Item Trial 1 Trial 2 
2. 2-4 5-8 
3. 6-2-9 4-1-5 
4. 3-2-7-9 4-9-6-8 
5. 1-5-2-8-6 6-1-8-4-3 
6. 5-3-9-4-1-8 7-2-4-8-5-6 
7. 8-1-2-9-3-6-5 4-7-3-9-1-2-8 
8. 9-4-3-7-6-2-5-8 7-2-8-1-9-6-5-3 
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Appendix D 
Word Span 
List 
Level 
2. Mushroom Happen 
3. Outside Announce Middle 
4. Turtle Study Careful Building 
5. Figure Student Narrow Hairy Dozen 
6. Chuckle Water Paper Waffle Father Treasure 
7. Frozen Busy Rumble Magic Visit Penny Wiggle 
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AppendixE 
bush general 
world square 
kitchen devil 
daughter tribe 
diner sugar 
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Appendix F 
Memory Questions 
1.) How often do you forget things like appointments, plans you make, or meeting 
someone? 
1 
Never 
2 
Rarely 
3 4 5 6 
Occasionally Sometimes Usually All the time 
2.) How often do you forget where you put something, like your keys or your wallet? 
1 
Never 
2 
Rarely 
3 4 5 
Occasionally Sometimes Usually 
6 
All the time 
3.) How often do you have problems with thinking too fast? (your thoughts are racing) 
4.) 
1 
Never 
2 
Rarely 
3 4 5 
Occasionally Sometimes Usually 
Was thinking too fast a problem during the interview? 
1 2 3 4 5 
Not at all Hardly at all A little bit Quite a bit Most of it 
On a typical day, do you remember what someone just told you? 
1 2 3 4 5 
Never Rarely Occasionally Sometimes Usually 
Were you able to remember instructions during the interview? 
1 2 3 4 5 
Not at all Hardly at all A little bit Quite a bit Most of it 
6 
All the time 
6 
The entire time 
6 
All the time 
6 
The entire time 
5.) On a typical day, can you think straight and concentrate on things that you need to 
do? 
1 
Never 
2 
Rarely 
3 4 5 
Occasionally Sometimes Usually 
Were you able to think straight and concentrate during the interview? 
1 2 3 4 5 
Not at all Hardly at all A little bit Quite a bit Most of it 
6 
All the time 
6 
The entire time 
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7.) How often do voices or things that you see or hear interfere with remembering 
things? 
1 
Never 
2 
Rarely 
3 4 
Occasionally Sometimes 
5 
Usually 
6 
All the time 
Did voices or things that you see or hear become a problem during the interview? 
1 2 3 4 5 6 
Not at all Hardly at all A little bit Quite a bit Most of it The entire time 
8.) How often do your thoughts or feelings interfere with remembering things? 
1 
Never 
2 
Rarely 
3 4 5 
Occasionally Sometimes Usually 
6 
All the time 
Did your thoughts or feelings become a problem during the interview? 
1 2 3 4 5 
Not at all Hardly at all A little bit Quite a bit Most of it 
9.) How often do you have problems with thinking too slowly? 
1 
Never 
2 
Rarely 
3 4 5 
Occasionally Sometimes Usually 
6 
The entire time 
6 
All the time 
Did you find that thinking too slowly was a problem during the interview? 
1 2 3 4 5 6 
Not at all Hardly at all A little bit Quite a bit Most of it The entire time 
11.) Do you hear voices, or hear or see things that other people do not think are there, 
that distract you, or cause you to forget things? 
1 
Never 
2 
Rarely 
3 4 
Occasionally Sometimes 
5 
Usually 
6 
All the time 
Did things that you saw or heard distract you or cause you to forget things during 
the interview? 
1 2 3 4 5 6 
Not at all Hardly at all A little bit Quite a bit Most of it The entire time 
12.) Is remembering things in your everyday life a problem for you? If so, what kinds of 
memory problems do you experience? 
Drugs and Alcohol 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Alcohol (any use at all) 
Alcohol (to intoxication 
or drunkenness) 
Heroin 
Methadone 
Other Opiates/ Analgesics 
Barbiturates 
Sedatives/Hypnotics/ 
Tranquilizers 
Cocaine 
Amphetamines (speed) 
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Past 30 Days 
rn 
rn 
rn 
rn 
rn 
rn 
rn 
rn 
rn 
10 Cannabis (Marijuana/Weed) rn 
11 Hallucinogens (LSD, PCP) rn 
12 Inhalants (Nitrous Oxide, rn gasoline, etc.) 
13 More than 1 substance rn per day (including alcohol) 
14. How many times have you had Alcohol DTs? DJ 
•Delirium Tremens (DT's): Occur 24-48 hours after last drink, or 
Working Memory 50 
Working Memory 51 
significant decrease in alcohol intake, shaking, severe disorientation, 
fever, , hallucinations, they usually require medical attention. 
How many times in your life have you been treated for : 
15*. Alcohol abuse? [I] 
16. Drug abuse? rn 
•Include detoxification, halfway houses, in/outpatient counseling, and AA or NA (if 3+ 
meetings within one month period). 
17. How many days have you been treated as 
an outpatient for alcohol or drugs in the 
past 30 days? *include AA/NA 
*Scale: 
rn 
0: Not at all 
1: Slightly 
2: Moderately 
3: Considerably 
4: Extremely 
How many days in the past 30 have you experienced: 
18. Alcohol problems? [I] 
How troubled or bothered have you been in the past 30 days by these 
*19. Alcohol problems? D 
How important to you now is treatment for these: 
*20. Alcohol problems? D 
How many days in the past 30 have you experienced: 
21. Drug problems? [I] 
• Include only: Craving, withdrawal symptoms, 
disturbing effects of use, or wanting to stop and being unable to. 
How troubled or bothered have you been in the past 30 days by these 
*22. Drug problems? D 
How important to you now is treatment for these: 
*23. Drug problems? D 
How many times in your life have you been charged with the following: 
24.* Disorderly conduct, vagrancy, 
public intoxication? 
25.* Driving while intoxicated? 
26. Possession of a controlled substance? 
rn 
rn 
rn 
Working Memory 52 
AppendixH 
Demographics: 
Date of Birth: I I 
------
Sex: 
Education 
Degree/GED 
(Degree): 
__ (l)Male __ (2) Female 
__ (l) Didn't finish H.S. __ (2) High School 
___ (3) Some college (no degree) ___ (4) Associate degree 
__ (5) B.A./B.S. ___ (6) Master's (any) 
__ (7) Ph.D./M.D./J.D./etc. __ (8) Other Degree(Specify):_ 
Years of Education (beginning with 1st grade): 
Income per year: __ (l)Under $15,000 
--(3)$20,001-30,000 
-- (5)$40,001-50,000 
--(7)$75,000-100,000 
__ (2)$15,001-20,000 
__ (4)$30,001-40,000 
--(6)$50,000-75,000 
--(8)$100,000+ 
__ Don't know/ Prefer not to say 
Are you currently employed? __ (l)Yes __ (2)No 
If YES ... how long have you held your current job? 
How often ___ (I) 20 hours or less/week ___ (2) 20-30 hours/week 
do you work? 
___ (3) 30-40 hours/week 
hours/week 
__ (5) Odd Jobs 
__ (4) Morethan40 
___ (5) Not sure 
IfNO ... have you been employed in the last 12 months? ___ (l)Yes. ___ (2)No 
I am retired. (l)Yes (2)No 
Race/Ethnicity: __ (1) White/Caucasian __ (2) Black/ African American 
__ (3) Hispanic/Latino __ ( 4) Asian/ Asian American 
__ (5) Native American __ (6) Other ________ _ 
